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Summary
Purpose: To analyze background EEG activity of patients with juvenile myoclonic
epilepsy (JME) with and without antiepileptic drugs.
Methods: We studied the background EEG activity in 18 patients with JME. The qEEG
analysis included absolute power (AP), relative power (RP) and mean frequency (MF)
of delta, theta, alpha and beta bands. The Z scores were calculated by comparison
with population parameters based on the age-dependent regression function. Seven
patients were unmedicated (UM) and eleven medicated (M).
Results: The UM group presented 69 (4.32%) abnormal Z scores and 227 (9.05%) in the
M group (P < 0.001). In the UM group, AP delta abnormal Z scores were identified in
frontotemporal and occipital leads. In AP alpha and beta bands an increase in Z scores
was encountered in frontoparietal leads in three patients. In addition, in three
patients, the AP theta Z scores were below 1.96 and distributed in all regions. In
the M group, AP beta Z scores were above 1.96 in frontoparietal leads in 7 of 11
patients. The AP delta increased above 1.96 in frontotemporal and occipital leads in 6
patients of 11. The AP alpha showed an abnormal decrease in Z scores in 5 of 11
patients, whereas other 5 patients presented normal scores. The AP theta presented 7
normal Z scores out of 11; this band exhibited the lowest number of abnormalities of
the 4.
Conclusion: Patients with JME have an increase in AP delta, alpha and beta bands,
which is more evident in frontoparietal regions.
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Idiopathic generalized epilepsy (IGE) has been
recognized as a broad neurobiological continuum
with similar genetic background, age of onset and
electroencephalographic characteristics.1 Juvenile
myoclonic epilepsy (JME) is the prototype of IGE
together with childhood absences, juvenile
absences and grand mal on awakening. JME appears
in puberty; it is characterized by myoclonic jerks in
the morning, tonic-clonic seizures (TCS), and less
frequently, absence seizures.2 Generalized spike—
wave (SWC) and polyspike—wave complexes (PSWC)
with normal background EEG activity comprise the
typical EEG pattern shown in JME.3 In patients with
JME, anatomophatological examinations, functional
evaluation of visual working memory tasks with PET,
MRI voxel-based morphometric analysis and mag-
netic resonance spectroscopy (MRS) studies have
detected prefrontal alterations.4—7
Some articles on the analysis of paroxysmal activ-
ity in JME and other types of IGE have been pub-
lished; frontocentral accentuation of spikes,
polyspikes and electrical sources in frontal regions
have been reported.8—11 In contrast, background
activity has been scarcely studied. In most cases,
visual analysis of background EEG activity has been
described as normal, except for some degrees of
intermittent theta activity in patients with poor
seizure control or in cases with polytherapy anti-
epileptic drugs (AED).2
Quantitative EEG (qEEG) analysis is a useful tool
to evaluate background EEG activity.12 When differ-
ent variables of qEEG analysis are compared with
those in a normal population of the same age, Z
scores are obtained which improve the precision of
the results. This last tool has been named EEG
neurometric analysis and it has provided interesting
results in the study of many diseases.13—15 Some
studies on background EEG activity with qEEG have
been carried out in IGE and focal epilepsies, but not
specifically in JME.16—20 The analysis of different
syndromes in the same group can produce confusing
results in the study of alterations of background
EEG. Therefore, our aim in this work is to apply
qEEG and neurometric analysis to study background
EEG activity in patients with JME.Methods
Patient population
Eighteen patients with JME, thirteen females and
five males, were studied. Mean age was 20.4  9.4
years, with an age range between 10 and 46 years.After giving their informed consent, all patients
underwent clinical neurological examinations and
EEG recordings.
The onset of epilepsy had a mean age of 13 years;
all patients presented myoclonic and TCS. Both
types of seizures were always present in the first
hour after awakening. The patients had normal
neurological examinations and characteristic parox-
ysmal generalized activity with PSWC in EEG record-
ings. Eleven patients were under standard
antiepileptic drug treatment (M group) and seven
were without antiepileptic drugs (UM group) at the
moment of the study. Specifically from the eleven
medicated patients, four were under treatment
with valproate (VA), three with carbamazepine
(CBZ), two with phenytoin (PHT), one with lamo-
trigine (LA) and one with oxcarbazepine (OXC). The
seizure frequency (TCS) per year was of 1.2 in the
UM group and 1.3 in the M group. No patient had TCS
1 week before the EEG register. The diagnostic of
JME was established only in three patients prior to
being admitted in the study. Therefore, almost all
patients had no specific AED for JME nor were under
any other AED treatment.
EEG analysis
Twenty minutes of EEG recording with patient
awake, eyes closed were obtained in a quiet room
using the Medicid-03 M system. Amplifier character-
istics were: 10,000 dB gain, low cut filters at 0.05 Hz
and high filters at 70 Hz. Nineteen referential leads
of the International 10/20 System were recorded
using linked earlobes as reference. The impedance
was under 5 K V in all electrodes. The sampling
frequency was 200 Hz. All EEG recordings were
analyzed by two neurophysiologists (TH and ES-R),
who agreed in the diagnosis of paroxysmal activity
with PSWC or SWC in all cases.
The analysis of background EEG activity was car-
ried out with the fast Fourier transform. Twenty-
four artifact and paroxysmal free segments, 2.56 s
each, were selected in blind form by the principal
author (ES-R). Only EEG segments in which the
patient was awake were analyzed (presence of
alpha activity, no segments with decreased alpha
activity, increased theta activity, nor vertex sharp
waves).
The absolute power (AP), relative power (RP) and
mean frequency (MF) of delta (0.5—3.5 Hz), theta
(3.6—7.5 Hz), alpha (7.6—12.5 Hz) and beta (12.6—
19 Hz) bands were obtained. The subtraction
of the global scale factor (GSF) was applied to
AP in all bands to decrease non-physiological varia-
bility; this procedure is known to improve diagnostic
precision.21
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obtained by comparison with population parameters
based on the age-dependent regression function.
Mean values and standard deviations of 211 normal
subjects between 5 and 91 years old were obtained;
values outside the interval 1.96 to 1.96 were
considered abnormal.22 The statistical analysis of
differences between AP, RP and MF for the two
groups (M and UM) was carried out by Student’s t-
test for independent samples. To analyze differ-
ences in the number of abnormal Z scores between
two groups the U Mann—Whitney’s test was used.
Bonferroni’s corrected p-values for multiple com-
parisons was used.Results
In all EEG records, a generalized paroxysmal PSWC
activity was identified, with mean duration of 3.88 s
and frequency of 4.18 Hz. At the beginning of the
paroxysmal activity the complexes were best
observed in F3, F4 and Fz electrodes. All maps
showed maximum electronegativity in the frontal
region.
Quantitative EEG analysis
In all patients, the visual analysis of background EEG
activity did not reveal abnormalities. With qEEG the
AP, RPand MF for each lead in the delta, theta, alpha
and beta bands were obtained and compared with
those of a normal population of the same age to
yield Z scores in UM (Table 1) and M (Table 2) groups.
Due to the great interindividual variability, the
mean Z values for each variable in the different
leads were within normal ranges. However, when
the abnormal Z scores were counted, all patients
presented abnormal Z scores in the different leads,
measures (AP, RP, MF) and frequency bands, both in
the M and UM groups. The UM group showed 69
(4.32%) abnormal Z scores, whereas the M group
had 227 (9.05%) in M group; this difference was
significant with P < 0.001 (Table 3).
However, when only one measure per lead per
group was analyzed, up to 42% of the patients in the
UM group showed abnormal Z scores in AP delta F8
and AP beta F3 leads. In the M group, 36% of the
patients presented abnormal Z scores in MF beta F3
lead.
Differences in abnormal Z scores of EEG bands
between groups were found. Both were character-
ized by increased AP in delta and beta bands and
normal theta band. In the alpha band, the UM
group showed an increase in AP, whereas the M
group exhibited a decrease in this variable(Table 4). When the MF was analyzed, a decrease
in MF in delta band was found in both groups. An
increase in theta and beta bands and a decrease in
alpha band was shown in the UM group, whereas in
the M group results were completely opposite: a
decrease in MF in theta and beta bands and an
increase in alpha band (Fig. 1).
Each group showed a different spectrum of
abnormal Z scores. In the UM group, the delta
and beta bands were the most affected in contrast
to the M group, in which the beta and second term
delta bands were the most affected. The theta
band was the least affected in both groups and
the alpha band had an intermediate modification
(Table 4).
In the UM group, the AP delta revealed the high-
est number of abnormal Z scores in frontotemporal
(F8, T3, T4, T5) and occipital (O1 and O2) leads. In
these regions Z scores were above 1.96 in four out of
seven patients. In three patients, the alpha AP and
beta AP bands showed an increase in Z scores in
frontotemporal leads; whereas these same variables
were normal in three other subjects. For the AP
theta band, Z scores were normal in four of seven
patients; values below 1.96 were encountered in
three. The majority of patients had MF with normal
Z scores in four bands; only three patients exhibited
a decrease in delta Z score below 1.96 and two an
increase in beta band above 1.96.
In the M group, the AP beta and MF beta showed
the highest number of abnormal Z scores. In this
group, the AP beta Z scores in frontoparietal leads
were above 1.96 in 7 of 11 patients. In these
regions, abnormal values reached high Z scores
(3.00); they were spread in all leads with predo-
minance in frontoparietal leads. The MF beta band
of these patients was abnormal in 3 of them, with
negative Z points lower than 1.96 and normal in 6
of 11 patients. The AP delta showed an increase
with scores above 1.96 in 6 patients of 11; the MF
delta presented Z score values lower than 1.96 in
7 of 11 patients with a similar distribution to that
of the UM group, that is, altered values were
mainly located in frontotemporal and occipital
regions. The AP alpha showed an abnormal
decrease in Z scores only in 5 of 11 patients and
normal scores in 5; no relevant abnormalities were
found in MF alpha, where 8 of 11 patients had
normal Z scores. The AP theta band revealed nor-
mal Z scores in 7 of 11 patients. In addition, 10 of
11 patients presented normal MF theta Z scores.
This band had the lowest abnormalities in all four
bands.
Differences between the two groups were evi-
dent when the mean AP, RP and MF values in each
lead were compared. P values and significant differ-
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Table 1 Mean AR, RP, MF and Z scores of 11 JME patients with antiepileptic drugs
Delta Theta Alpha Beta Total
AP RP MF AP RP MF AP RP MF AP RP MF AP RP MF
Fp1 9.20 0.39 2.23 5.45 0.23 5.61 7.09 0.27 9.88 2.36 0.10 15.60 24.09 * 6.46
0.34 0.31 0.96 0.03 0.09 0.05 0.24 0.36 0.52 0.46 0.49 0.58 0.04 0.26
Fp2 8.81 0.39 2.23 5.26 0.24 5.59 6.59 0.27 9.89 2.19 0.10 15.65 22.86 * 6.44
0.02 0.24 0.80 0.20 0.16 0.07 0.51 0.36 0.54 0.23 0.54 0.41 0.42 0.20
F3 8.00 0.29 2.32 7.32 0.26 5.68 9.23 0.31 9.87 3.35 0.13 15.63 27.90 * 7.30
0.17 0.02 0.70 0.23 0.04 0.20 0.12 0.30 0.52 1.42 1.00 0.36 0.19 0.33
F4 7.59 0.29 2.33 6.98 0.27 5.67 8.83 0.31 9.85 3.27 0.13 15.61 26.68 * 7.33
0.06 0.05 0.69 0.05 0.09 0.04 0.29 0.31 0.45 1.26 1.03 0.43 0.12 0.37
C3 7.89 0.26 2.36 7.42 0.25 5.68 10.56 0.35 9.88 4.09 0.14 15.64 29.95 * 7.69
0.12 0.19 0.43 0.04 0.02 0.21 0.38 0.48 0.30 1.61 1.24 0.31 0.09 0.32
C4 7.43 0.27 2.33 7.12 0.26 5.67 9.80 0.34 9.88 3.68 0.14 15.57 28.03 * 7.58
0.10 0.26 0.92 0.20 0.12 0.05 0.60 0.51 0.33 1.09 1.19 0.45 0.53 0.16
P3 8.47 0.25 2.35 7.42 0.22 5.65 13.25 0.38 9.97 4.66 0.15 15.48 33.81 * 7.95
0.26 0.47 0.60 0.09 0.16 0.13 0.60 0.71 0.35 1.56 1.38 0.57 0.37 0.03
P4 8.48 0.26 2.33 7.27 0.23 5.63 12.44 0.37 9.96 4.17 0.14 15.47 32.35 * 7.79
0.20 0.61 0.76 0.11 0.37 0.22 0.81 0.83 0.36 1.11 1.24 0.56 0.63 0.20
O1 9.49 0.24 2.35 7.37 0.20 5.66 18.83 0.42 10.04 5.43 0.15 15.35 41.11 * 8.16
0.11 0.60 0.11 0.32 0.60 0.30 0.97 1.01 0.29 0.54 1.29 0.65 0.83 0.35
O2 9.11 0.24 2.34 6.43 0.19 5.65 19.31 0.44 10.08 4.86 0.14 15.33 39.71 * 8.16
0.45 0.59 0.21 0.74 0.55 0.25 1.10 0.98 0.35 0.02 1.21 0.68 1.13 0.39
F7 5.97 0.35 2.28 3.98 0.24 5.57 5.17 0.29 9.83 1.83 0.11 15.64 16.95 * 6.82
1.01 0.44 1.08 0.70 0.05 0.14 0.27 0.42 0.25 0.98 0.39 0.37 0.88 0.33
F8 4.90 0.34 2.29 3.32 0.25 5.61 4.24 0.29 9.86 1.58 0.12 15.64 14.04 * 6.90
0.29 0.37 0.69 0.02 0.09 0.05 0.45 0.51 0.35 0.33 0.42 0.44 0.14 0.20
T3 4.76 0.29 2.34 3.75 0.24 5.59 5.30 0.33 9.88 2.18 0.14 15.58 15.99 * 7.43
0.65 0.61 0.96 0.24 0.11 0.01 0.27 0.48 0.21 0.44 0.39 0.52 0.17 0.48
T4 3.54 0.28 2.35 2.75 0.24 5.61 3.88 0.34 9.94 1.61 0.15 15.60 11.77 * 7.62
0.45 0.38 0.58 0.65 0.11 0.05 0.93 0.46 0.38 0.16 0.63 0.55 1.06 0.11
T5 5.87 0.26 2.35 4.44 0.21 5.62 8.63 0.38 9.98 2.97 0.15 15.50 21.90 * 7.88
0.28 0.43 0.21 0.03 0.25 0.18 0.50 0.64 0.28 0.76 0.90 0.42 0.24 0.19
T6 5.27 0.24 2.35 4.04 0.19 5.63 9.59 0.43 10.04 2.77 0.14 15.36 21.68 * 8.10
0.24 0.30 0.23 0.42 0.15 0.19 0.62 0.53 0.44 0.36 0.95 0.72 0.62 0.03
Fz 9.15 0.28 2.34 9.71 0.29 5.70 11.22 0.31 9.83 3.73 0.12 15.56 33.81 * 7.19
0.44 0.07 0.55 0.19 0.17 0.25 0.50 0.31 0.47 0.69 0.97 0.47 0.051 0.38
Cz 10.54 0.27 2.37 11.56 0.29 5.68 12.75 0.31 9.80 4.93 0.13 15.59 39.78 * 7.39
0.21 0.01 0.34 0.05 0.26 0.27 0.47 0.49 0.33 1.64 1.42 0.40 0.26 0.44
Pz 9.35 0.24 2.36 8.94 0.23 5.67 15.68 0.39 9.92 5.11 0.14 15.46 39.07 * 7.88
0.28 0.37 0.25 0.28 0.25 0.06 0.72 0.65 0.34 1.23 1.44 0.60 0.65 0.09
Abbreviations: AP: absolute power; RP: relative power; MF: mean frequency.
* = 1.00 (Total value of RP).ences between the two groups are shown in Table 5.
The measures and regions with p < 0.05 were very
similar and identifiable when Z abnormal scores
were analyzed. Beta and delta bands in frontopar-
ietal leads yielded p-values with significant differ-
ences.Discussion
The principal results of this study are that, in
patients with JME and in spite of normal background
EEG activity observed by visual analysis, qEEG
values reveal abnormal Z scores in a high number
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Table 2 Mean AP, RP, MF and Z values of seven JME patients without antiepileptic drugs
Delta Theta Alpha Beta Total
AP RP MF AP RP MF AP RP MF AP RP MF AP RP MF
Fp1 9.05 0.37 2.19 5.80 0.24 5.63 7.05 0.29 9.51 2.10 0.09 15.86 24.00 * 6.43
0.13 0.05 0.05 0.07 0.10 0.20 0.25 0.12 0.48 0.10 0.16 0.46 0.06 * 0.05
Fp2 8.88 0.35 2.24 5.96 0.25 5.62 7.17 0.32 9.49 2.08 0.09 15.81 24.10 * 6.60
0.31 0.25 0.24 0.13 0.16 0.10 0.24 0.33 0.52 0.06 0.22 0.28 0.38 * 0.24
F3 7.71 0.28 2.35 8.22 0.29 5.65 9.53 0.34 9.43 2.56 0.09 15.84 28.02 * 7.00
0.00 0.28 0.23 0.45 0.29 0.11 0.48 0.20 0.61 0.62 0.31 0.55 0.25 * 0.23
F4 7.55 0.25 2.36 8.20 0.28 5.66 10.34 0.36 9.45 2.67 0.10 15.90 28.75 * 7.24
0.22 0.48 0.54 0.32 0.16 0.09 0.59 0.39 0.54 0.71 0.39 0.68 0.21 * 0.54
C3 6.93 0.23 2.43 8.32 0.28 5.65 12.21 0.41 9.54 2.27 0.08 15.73 29.73 * 7.33
0.35 0.26 0.12 0.18 0.26 0.11 0.11 0.16 0.46 0.07 0.01 0.12 0.17 * 0.12
C4 7.65 0.23 2.42 8.71 0.27 5.64 13.30 0.41 9.55 2.47 0.09 15.79 32.13 * 7.39
0.23 0.19 0.18 0.14 0.12 0.04 0.18 0.19 0.41 0.18 0.12 0.28 0.04 * 0.18
P3 9.56 0.22 2.41 9.69 0.23 5.64 27.23 0.48 9.68 2.68 0.07 15.64 49.16 * 7.63
0.40 0.10 0.20 0.33 0.05 0.12 0.27 0.08 0.21 0.11 0.42 0.06 0.44 * 0.20
P4 10.04 0.22 2.43 9.74 0.22 5.64 24.09 0.49 9.65 2.72 0.07 15.67 46.59 * 7.63
0.42 0.20 0.21 0.30 0.07 0.13 0.12 0.04 0.21 0.05 0.24 0.02 0.21 * 0.21
O1 12.35 0.21 2.38 10.93 0.20 5.67 33.86 0.52 9.71 3.02 0.07 15.57 60.15 * 7.82
0.22 0.37 0.57 0.25 0.47 0.21 0.29 0.39 0.24 0.50 0.19 0.14 0.20 * 0.57
O2 12.71 0.20 2.40 10.68 0.19 5.69 36.02 0.53 9.72 3.34 0.07 15.52 62.74 * 7.90
0.05 0.35 0.54 0.13 0.48 0.00 0.31 0.40 0.23 0.43 0.06 0.22 0.30 * 0.54
F7 4.25 0.33 2.30 3.25 0.26 5.56 3.93 0.32 9.57 1.12 0.09 15.75 12.54 * 6.70
0.02 0.07 0.25 0.02 0.18 0.14 0.01 0.06 0.43 0.38 0.25 0.12 0.21 * 0.25
F8 7.52 0.38 2.27 4.31 0.24 5.54 5.31 0.29 9.55 1.59 0.09 15.71 18.74 * 6.33
1.10 0.61 0.68 0.58 0.09 0.17 0.41 0.23 0.45 0.24 0.39 0.14 0.81 * 0.68
T3 2.66 0.25 2.43 2.83 0.26 5.59 4.26 0.38 9.62 1.09 0.11 15.82 10.84 * 7.46
1.05 0.14 0.15 0.70 0.30 0.05 0.77 0.08 0.40 0.86 0.05 0.28 1.39 * 0.15
T4 4.19 0.27 2.41 3.77 0.24 5.57 5.95 0.38 9.56 1.78 0.11 15.74 15.68 * 7.41
0.18 0.01 0.14 0.11 0.04 0.18 0.09 0.05 0.45 0.19 0.02 0.05 0.20 * 0.14
T5 6.23 0.22 2.38 5.75 0.20 5.68 15.40 0.50 9.67 1.54 0.07 15.61 28.92 * 7.71
0.06 0.19 0.14 0.05 0.05 0.11 0.22 0.29 0.29 0.60 0.54 0.04 0.08 * 0.14
T6 7.60 0.21 2.38 7.06 0.19 5.71 20.69 0.52 9.70 2.21 0.08 15.55 37.56 * 7.88
0.33 0.08 0.07 0.32 0.02 0.18 0.34 0.15 0.17 0.12 0.27 0.19 0.35 * 0.07
Fz 8.37 0.26 2.36 9.46 0.29 5.69 11.25 0.36 9.41 2.85 0.09 15.84 31.93 * 7.11
0.81 0.44 0.53 0.22 0.15 0.22 0.12 0.36 0.61 0.02 0.40 0.57 0.60 * 0.53
Cz 9.55 0.25 2.42 11.99 0.31 5.62 13.72 0.36 9.38 2.94 0.08 15.85 38.20 * 7.02
0.58 0.28 0.20 0.08 0.41 0.05 0.05 0.06 0.66 0.21 0.39 0.63 0.41 * 0.20
Pz 10.82 0.21 2.43 12.58 0.24 5.66 29.49 0.49 9.59 3.00 0.06 15.69 55.88 * 7.58
0.08 0.00 0.10 0.29 0.18 0.23 0.11 0.04 0.30 0.29 0.31 0.10 0.10 * 0.10
Abbreviations: AP: absolute power; RP: relative power; MF: mean frequency.
* = 1.00 (Total value of RP).of these patients, when compared with normal
population parameters based on the age-dependent
regression function. Abnormal Z scores were present
in all bands, measures and leads, with predomi-
nance in delta and beta bands. In the following
paragraphs a discussion concerning these results is
carried out.It has been accepted in previous years that back-
ground EEG activity in JME is normal based on visual
analysis of conventional or digital EEG. Alterations
in background EEG activity have been solely found in
patients with poor control of seizures or due to AED,
especially in cases with polytheraphy.2 In our study,
all patients had normal background EEG activity
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Table 3 Number of patients with abnormal Z scores in the two groups
Leads Delta Theta Alpha Beta Total abnormal values Abnormal
AP UM RP UM MF UM AP UM RP UM MF
UM
AP UM RP UM MF UM AP UM RP UM MF UM AP UM RP UM MF UM U M D
Fp1 0 0 0 0 2 2 0 1 0 0 1 0 0 1 0 1 0 0 0 1 0 2 0 2 0 3 0 3 3 4 3 10 7
Fp2 1 0 0 0 0 0 1 0 0 0 1 0 1 2 0 1 0 0 1 1 0 2 0 3 4 3 0 3 1 3 5 9 4
F3 0 1 0 1 1 1 0 1 0 2 1 0 1 1 0 1 0 0 3 2 0 2 0 4 4 5 0 5 2 5 6 15 9
F4 0 1 0 0 0 2 0 0 0 2 0 0 1 1 0 1 0 0 2 3 0 2 1 2 3 5 0 5 1 4 4 14 10
C3 0 2 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 3 0 2 0 3 0 6 0 2 0 3 0 11 11
C4 1 1 0 1 0 2 0 0 0 1 0 0 0 0 0 0 0 1 0 2 0 2 0 2 1 3 0 4 0 5 1 12 11
P3 1 2 0 1 0 0 0 1 1 0 0 0 1 0 0 1 0 1 0 3 0 2 0 2 2 6 1 4 0 3 3 13 10
P4 0 2 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 2 0 3 0 3 0 2 0 5 0 5 0 4 0 14 14
O1 2 2 1 0 0 0 0 0 0 1 0 0 0 2 0 1 0 1 0 1 0 2 0 2 2 5 1 4 0 3 3 12 9
O2 2 3 1 1 1 0 0 1 0 1 0 1 0 2 0 1 1 1 0 2 0 3 0 1 2 8 1 6 2 3 5 17 12
F7 0 2 1 1 0 2 0 1 0 1 0 0 0 1 0 0 0 0 1 1 0 2 0 3 1 5 1 4 0 5 2 14 12
F8 3 1 0 1 1 1 0 1 1 1 0 0 1 2 0 2 0 0 0 1 0 1 0 3 4 5 1 5 1 4 6 14 8
T3 2 2 1 1 0 3 1 0 0 1 0 0 1 0 1 0 0 0 0 1 0 1 1 2 4 3 2 3 1 5 7 11 4
T4 2 2 1 1 1 0 1 0 0 0 0 0 0 1 1 0 0 1 2 0 0 1 0 2 5 3 2 2 1 4 8 9 1
T5 2 2 1 0 0 1 0 0 0 0 0 0 1 0 1 0 0 1 0 2 1 1 0 2 3 3 3 1 0 2 6 6 0
T6 1 1 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 2 1 3 0 1 1 3 2 3 0 3 3 9 6
Fz 1 0 0 1 0 2 0 0 0 2 1 0 0 3 0 1 0 0 1 2 1 2 1 3 2 5 1 6 2 5 5 16 11
Cz 0 1 0 0 0 0 0 1 0 1 0 0 0 1 0 1 0 1 0 2 0 2 1 3 0 5 0 4 1 4 1 13 12
Pz 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 1 0 3 0 1 0 2 1 3 0 3 1 8 7
Total 18 26 8 11 6 16 3 8 2 13 4 2 7 17 3 12 1 12 10 33 3 39 4 45 38 83 16 72 15 72 69 227 158
UM = 32 M = 53 UM = 9 M = 23 UM = 11 M41 UM = 17 M = 117. Abbreviations: UM: unmedicated group; M: medicated group; AP: absolute power; RP: relative power; MF: mean frequency. Leads
with a high number of abnormal Z scores are highlighted.
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Table 4 Number of patients with abnormal Z scores for AP and MF in the two groups
Unmedicated group (N = 7) Medicated group (N = 11)
Z score
> 1.96
Z score
< 1.96
Normal
Z score
Z score
> 1.96
Z score
< 1.96
Normal
Z score
AP delta Z 4 1 2 6 3 2
AP theta Z 0 3 4 3 1 7
AP alpha Z 3 1 3 1 5 5
AP beta Z 3 1 3 7 2 2
MF delta Z 0 3 4 1 7 3
MF theta Z 1 0 6 0 1 10
MF alpha Z 0 1 6 2 1 8
MF beta Z 2 0 5 2 3 6
Abbreviations: AP: absolute power; MF: mean frequency. High Z scores are highlighted.under visual analysis, In addition, all of them showed
JME typical paroxysmal activity during the course of
the study. However, only three patients had been
correctly diagnosed before being admitted in the
study; misdiagnosis occurs frequently in this kind of
epilepsy. Therefore, almost all patients were under
no specific AED for JME. Given the rare occurrence of
seizures, many patients abandon the AED treatment
in the course of thedisease and, at themoment of the
study, participants were under no AED medication.
No significant differences were found for the time of
evolution and the number of seizures per year
between both groups. Therefore, these factors are
not determinant for qEEG differences found between
patients with and without AED.
When qEEG was used, many alterations emerged.
The advantage of qEEG over visual analysis of EEG is
evident, especially when it is compared with normal
population parameters based on the age-dependentFigure 1 Proportion of patients with abnormal Z scores
in the two groups. Absolute power (A) and (B) mean
frequency in different EEG bands. UM: unmedicated
group; M: medicated group.regression function toobtainZ scores.This advantage
has been observed in neurological and psychiatric
diseases.13—15 In the analysis of the 18 patients as a
whole, all exhibited abnormal Z scores in some band
frequencies, measures and leads. The derivations
withmoreabnormalZ valueswere localized in frontal
and parietal electrodes in AP, RP and MF of delta,
alpha and beta bands for both groups, M and UM.
When themean values of AP, RPandMF of all bands
were obtained in the group as a whole, as well as in
UM and M groups, normal mean Z scores were found.
Such findings might be explained by the heterogene-
ity of abnormal values and the reduced size of the
sample. However, when only one measure per lead
was analyzed, up to 42% of the patients in the UM
group showed abnormal Z scores in AP delta and AP
beta in frontal leads; in the M group, 36% of the
patients exhibited abnormal Z scores in MF beta F3
leads.
Since for both groups (M and UM) abnormal Z
scores, with an increase in AP delta and a decrease
in MF delta, were detected in frontotemporal and
occipital leads, these abnormalities can not be
attributed to pharmacological effects. Clemens
et al.16 applied qEEG to study background activity
in IGE to obtain an EEG profile in different types of
IGE syndromes. In this study, specifically in the JME
subgroup, the authors found a similar increase in AP
delta in the same regions. In addition, a decrease in
MF delta in the same regions was also reported for
UM and M groups. Unfortunately, in this study MFwas
not reported. The neurophysiological meaning of an
increase in AP delta and a decrease in MF delta has
not yet been elucidated. However, it has been
postulated that the AP of bands in EEG is associated
with enhanced synchronization of different neuro-
nal populations.23,24 Neuronal network hypersyn-
chronization is a fundamental mechanism in IGE;25
therefore, the delta band range lies within the same
PSWC range characteristic of JME. In fact, the
increase in AP delta is common to all IGE syndromes
sharing the same physiophatological mechanism.
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Table 5 Comparison of mean AP, RP and MF of patients with and without antiepileptic drugs
Delta Theta Alpha Beta Total
AP RP MF AP RP MF AP RP MF AP RP MF AP RP MF
Fp1 0.893 0.579 0.374 0.619 0.783 0.793 0.982 0.600 0.086 0.584 0.644 0.178 0.969 * 0.907
Fp2 0.972 0.330 0.689 0.466 0.854 0.756 0.742 0.360 0.072 0.833 0.591 0.326 0.751 * 0.688
F3 0.832 0.681 0.510 0.510 0.384 0.770 0.893 0.639 0.031 0.187 0.225 0.369 0.971 * 0.464
F4 0.980 0.443 0.421 0.297 0.692 0.962 0.504 0.382 0.058 0.310 0.266 0.195 0.553 * 0.848
C3 0.497 0.465 0.032 0.451 0.296 0.591 0.458 0.318 0.082 0.015 0.050 0.684 0.933 * 0.438
C4 0.896 0.418 0.008 0.245 0.649 0.719 0.129 0.232 0.088 0.035 0.056 0.234 0.247 * 0.663
P3 0.642 0.572 0.054 0.236 0.818 0.880 0.207 0.260 0.258 0.006 0.011 0.526 0.190 * 0.610
P4 0.518 0.421 0.007 0.172 0.888 0.937 0.097 0.156 0.208 0.019 0.021 0.360 0.088 * 0.788
O1 0.510 0.650 0.407 0.236 0.981 0.859 0.222 0.242 0.259 0.124 0.019 0.414 0.261 * 0.646
O2 0.450 0.564 0.233 0.116 0.887 0.592 0.225 0.246 0.214 0.345 0.040 0.451 0.235 * 0.709
F7 0.095 0.607 0.443 0.193 0.433 0.804 0.211 0.555 0.209 0.061 0.367 0.485 0.018 * 0.790
F8 0.184 0.387 0.550 0.189 0.811 0.404 0.338 0.983 0.122 0.972 0.196 0.700 0.171 * 0.148
T3 0.013 0.312 0.025 0.069 0.439 0.940 0.356 0.489 0.203 0.007 0.260 0.192 0.002 * 0.957
T4 0.602 0.790 0.182 0.234 0.870 0.576 0.112 0.529 0.075 0.779 0.306 0.381 0.153 * 0.724
T5 0.875 0.429 0.358 0.495 0.865 0.459 0.210 0.158 0.186 0.003 0.011 0.583 0.426 * 0.790
T6 0.388 0.546 0.406 0.189 0.923 0.392 0.108 0.279 0.144 0.244 0.028 0.318 0.123 * 0.722
Fz 0.637 0.545 0.521 0.868 0.872 0.861 0.991 0.405 0.042 0.212 0.296 0.275 0.607 * 0.866
Cz 0.610 0.629 0.061 0.795 0.452 0.420 0.725 0.423 0.027 0.016 0.047 0.257 0.647 * 0.390
Pz 0.491 0.448 0.044 0.094 0.787 0.975 0.147 0.212 0.198 0.020 0.013 0.343 0.108 * 0.597
Abbreviations as in Table 4. *P-values < 0.05 are highlighted.Abnormalities in the beta band were also quite
frequent, with an increase in AP beta in both groups.
Moreover, these increases were more prevalent in
patients in the M group, with no relevant abnorm-
alities in MF beta in UM and M groups. Recently,
Clemens et al.16 found a decrease in RP beta in
frontal regions with significant differences in AP,
though no MF measures were reported. However,
it is known that RP in one band can be influenced by
modifications on the other bands, therefore, RP is an
unreliable measure.24 Other factor that can explain
the differences found in this study is that although
the comparison was made with a control group of
similar age, Z scores were not calculated using the
age-dependent regression function. In a posterior
study by the same author Z scores were calculated
using the age-regression function. In this case an
increase in AP in all bands, inclusive the beta band,
was found.18,19 The patients of the M group were
taking VA, CBZ, OXC, LA and PHT, though VA was the
most frequent AED in this group. The heterogeneity
of AED in this group does not allow for conclusive
results, still some suppositions may be drawn. It is
possible to attribute the increase in AP beta in
frontocentral regions to the action of this AED.
The increase in amplitude of beta activity in con-
ventional EEG has been reported secondary to bar-
biturates and bezodiazepines more than to VA.26
Other studies have reported no alterations in AP
and MF beta in epileptic patients receiving treat-
ment with VA.27,28 On the other hand, a decrease in
APand RP beta has been postulated as characteristicof epileptic cortex; however, this abnormality was
found in localized epilepsies.12,20,29
Abnormal Z scores found in the alpha band
showed an increase in AP in the UM group as has
been previously referred. In contrast to the UM
group, a decrease in AP alpha was found; this
abnormality can be secondary to a pharmacological
effect. A decrease in APand MF has been reported as
a consequence of certain AED. The acute adminis-
tration of CBZ has shown a decrease in AP alpha and
an increase AP theta; the effect was more evident in
anterior than posterior regions.30 A decrease in AP
alpha with increase in MF has been found with
chronic administration of VA and LA.28
In our study the theta bandwas the least affected;
in contrast to other studies inwhich an increase in AP,
RP and coherence theta were described. We did not
carry out a gamma band analysis. Recently an
increase in AP in the gamma band in IGE, but not
in partial epilepsy, has been reported.17 In this study,
it was found an increase in delta—theta AP and an
increase in 15—17 Hz beta frequencies both in gen-
eralized and partial epilepsies. However, the IGE
group was a mixture of different types of epileptic
syndromes and only four patients had JME. This
increase in AP gamma band has been postulated as
a marker underlying ion channel or neurotransmitter
receptor dysfunction as can be seen in kainic acid
treated rat model of epileptogenesis.31
In addition, when UM and M groups were com-
pared, significant differences were found in fronto-
parietal leads in beta and delta bands. Abnormalities
Background EEG in juvenile myoclonic epilepsy 445very similar to those found using Z scores. The altera-
tions found in background EEG activity in patients
with JME were localized in frontocentral regions.
These regions show alterations in anatomophatolo-
gical examinations, functional evaluation of visual
working memory tasks with PET, MRI voxel-based
morphometric analysis, MRS and origin of electrical
source analysis of PSWC.4—7,10,11
We conclude that, in spite of normal visual analysis
of background EEG in patients with JME, there is an
increase in AP delta, alpha and beta bands, which is
more evident in frontoparietal regions. In order to
confirm these results future studies with larger sam-
ples of patients with AED must be undertaken.
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